STATICSHA 'E CONTROY O)F INFLATARLYE SrrucIrTunes

el

Sl , L Ko,

Jet Propulsion Laboratory
Califorms Institute of Tecdhmology
Vasadena, CAL 91100

M. Thomas
I csident, 1'Garde Tncorpora ed
Tastin, CA. 02680

ABSTRAC

Inflatable stractmal concepts liave bheen poposed for ymmcrons applications [1-5
such s antenmas for microwave yemote sensing, space-based interfarometiy, solin concen

frators, and for dual porposes (e.p. concentrator for power [ antenns for conmpumication).
he compaison 1o other mechmically deployable systems, mfistable stiactmes have sip-
mificant advantspes of o muach Jower cont, weipht, @nd packaging, volmne, hut higher de
nhty snd damping propariies. 1he deployiment and geometnic sccovacy of

1
ployment 1¢ial
mfiatable stractmal components have heen demonst i cd on grovnd. I space demonstya-
expernnent (6], with the objective of verifying, the fige of & 14 moantema. Several of the
applications in radiometry, microwave sensing, and mterfaometry require autenna figane

tion of the peometiic secmacy that is needed for anten 1cfieclors s plamed for a fiight

altamable, at Jeast mbially, It is necessa

decuracy of the order T nnm s Ground test results show (hat this level of securaey s

1y, however, that this accmacy be maintamed
thronghout the ife of the mission as the sntenns is exposed to thermal changes snd possi-
Bleaging of the polyiner. Further, i s inflatable st uetunal romponent s cared i space to
make it " rieid” ) the coving, process may result in o distorted in-situ npidized confipmation,
Thus, te fwtha enbanee the long: term performance of nifiatable stioctumcs in space, this

paper explores the feasibility of adaptive concepts ]

a mcesns of occasional sensing wad

[&

e

1

adjustiment of vowanted shapc distortions.

The paperyeports the resolts of noncrical shimalations and Jaboyator Yy expernnents

to validate the concepts using, pencric simple configmations such ss the imflated close
fnbe, @wnd enenlim membiane in Fig. 1. Other more complex configmations such as iy

Fip. 2 wre investipated sualyviic
, I8

T

shoctores as Tavpcely dependent upon the internnal proessure, om analysis sosmne

clastic deformations with sinal) st ains,
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The tube 1 Pigl Taois made of one il thick mylar fil with one il thick piczo
mctallization on one side. Separate patehes of conducting piezo are ercated by chermically
closed st cach end with « u\w: plastic disk.

When one end of the mfiated tube is fixed, fine Iine-of sight pointing, adjustinent of the free
cnd can be made relative to the fixed end by controlling, the pain in the individual piczo
patches, The yesulting deformation is shown in g Ja, when only two piczo patches arve
nsed - one wlong

ctehmg, strips of the mnetallization, The tuhe

opposit e side

B

of the infinted tube. Sueli a deforming, mechanism allows
one toanake fine confipmation adjustiments of ¢rrors.

The examnple in Fip. 1 consists of two cirenlan memby nes, pidly clamped along,
the edge. Infiation pressure is intioduced in the an space between the two membranes,

Piczo aetuation is provided hy adhering, cipht stips of prezo film to the membr ane sw face
Viarious deformation patterns deseribing Zernile polynomials can be created by adjusting,
the pains in the piezo strips, individually ar i combination. Yor specific deformation
pattern, the gain adjustinent is calenlated optimally in the leas square sense, The re
will be included in the papar.

ults

The paper will also describe the snalysis procedme sid give the results of nomer-

In this example, the parabolic enclosme is inflated and taut ot (he cdge Lo a torus. The
stifiness of the toras wises

ical simulation of the more complex toros/pavabolic menbrane configuration in Fig, 2
t

cithar from infistation, or from rigidization. Both TCRNNCS B1C
considered, sand s nmonbaer of mteresting jssues me exanmned.  For cxanple, the smface

o

accmracy of the inflated pavabola depends vpon severs) pavamcters mcluding, the initia
(mminflated) shape, inflation pressore, cdge conditions at the toras infe face, clastic inter-
actions between the pmabolic mcambrane and the {toas, and the fabrication process Mself.
Subsequent adaptive correction of deviations from the ides) parabolic shape is then studied
by nunnerical sinlation to determime the most effeetive method of mtroducing, adaptivity
- the sbhacture, most suitable type of active elaments, and then optnnal locations and

pains,
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Figuie 1. Piczoclectric Actaated Inflated Tube (1a s Iflated Cirenlar Memnby ane 1h).
I8

[\ !'/} /-
I\ i 4 A
/ b N N
P 3o ‘ N ) PN 3
R AV ST NN
oy N SNV N 1 h> >
Tl A >\ e T > AN D
oo L ¥ N SN VN 1‘\ ///'/j/ !
Y 4‘\ - S Y AN Ry
Ny Oy
v AN F »‘\«r\ { } o
{/ gl I \

Figme 2. Infisted Povsbolic Memb anc / Torus.




